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Abstract—When counterions of several types are present in dispersion medium, the process of the concentra- 
tion polarization of the double layer is accompanied by significant adsorption oscillations. These oscillations 
affect both the value of low-frequency limit of the suspension permittivity and the critical frequency of disper- 
sion, which may either increase or decrease. Based on numerical calculations, the domains of parameters, 
where one or another behavior of critical frequency may occur, are determined; surprisingly close interrelation 
between the variation of low-frequency limit and the critical frequency is revealed and analyzed; preliminary 
conclusions about the most probable pattern of the effect of adsorption oscillations on the experimentally mea- 


sured critical frequency are drawn. 


THE EFFECT OF ADSORPTION OSCILLATIONS 
ON DISPERSION OF PERMITTIVITY 


In [1, 2] attention was first focused on the significant 
role of adsorption oscillations during the concentration 
polarization of the double layer of colloidal particles. 
These oscillations are manifested when electrolyte 
solution contains three or more types of ions, which is 
quite characteristic in real situations. A simple analyti- 
cal formula for the low-frequency limit of the contribu- 
tion of dispersed phase Ae(0) to the suspension permit- 
tivity was derived in [1]. The possibility of a substantial 
increase in Ag(0) under the effect of mutual enhance- 
ment of the adsorption oscillations of common and 
admixture counterions was also demonstrated [1]. An 
increase occurs up to the highest possible (for binary 


solution) value of A€,,,, = 2 p&(Ka)? or to even larger 


values. The ability of adsorption oscillations to provide 
the inequality Ae(0) > Ae,,,, enables us to qualitatively 
explain some experimental data [3-5]. 

The adsorption oscillations affect not only the low- 
frequency limit; as shown in [2], they can significantly 


Character of the effect of adsorption oscillations as depen- 
dent on the parameters of a system (according to [1, 2]) 


quency is only possible 


The effect on both low-frequency limit and criti- 
cal frequency 


influence frequency dependence Ag(@) as well. This 
effect may be exhibited in a different manner. We will 
demonstrate the situation for the case of three-ion elec- 
trolyte containing two types of counterions with equal 
valency (one of these ions may be an admixture ion) 
and one type of coion. Denote partial polarization cri- 
teria for counterions of types 1 and 2 through R, and R,, 
and diffusion coefficients through D, and D,.! Three 
cases may then be singled out which are characterized 
by different manifestations of adsorption oscillations 
(table). 


A simple analytical expression derived in [1] unam- 
biguously solved the problem of the effect of adsorp- 
tion oscillations on Ag(0). At the same time, the effect 
of these oscillations on frequency dependence Ae(@) to - 
a significant degree remains unresolved. This problem 
was treated in [2], where the effect of adsorption oscil- 
lations on critical frequency @,, was investigated. The 
critical frequency was determined from the condition: 


Ae(«,,) = 5A€(0). () 

Based on numerical solution of corresponding equa- 
tions, the Ae(w) curves were plotted for several sets of 
parameters (R,, R, and R,, where Ry is the criterion 
characterizing the role of adsorption oscillations). 
It was concluded that for the diversity of parameters 
under consideration the increased role of adsorption 
oscillations results in a certain decrease in critical fre- 
quency. 


! Definitions of the values of R,, Ro, and Ry and formulas for their 
calculations are reported in [1-2]. 
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Fig. 1. Dependence of the value of X on the polarization cri- 
terion R, for the following set of parameters: Rz = (/) 0.5; 
(2) 2; (3) 8; (4) 32; Rp = 0.1; Coy/Co2 = 0.1. 


In this work, we proceed to study the effect of 
adsorption oscillations on permittivity using the proce- 
dure, system of equations, and software for numerical 
calculations reported in [2]. Therefore, following [1, 2], 
we confine ourselves to the case where D, equals diffu- 
sion coefficient D of coions and all of the ions are 
monovalent. Calculations performed in a wide range of 
possible values of D,/D ratio and parameters R,, R>, 
and Rr allow us to draw some general conclusions on 
the effect of adsorption oscillations on critical fre- 
quency, which substantially supplement the results and 
data reported in [2]. 


THE EFFECT OF ADSORPTION OSCILLATIONS 
ON Ae(0) AS A MEASURE OF THEIR POSSIBLE 
EFFECT ON CRITICAL FREQUENCY 


Above all, we should find a method for measure- 
ment and comparison of the effect of adsorption oscil- 
lations on Ag(0) and @,,. To do this, we introduce the 
following values: 


Ae(0) 


er enr 7 -<1 ES (2) 
AE(O)Ic,, 20 

yarn Soe. (3) 
®erlc,, =0 


where Co, and Cy are the partial equilibrium concen- 
trations of counterions of type 1 and 2, respectively. 
Negligible adsorption oscillations correspond to the 
case of Co; (binary electrolyte). Therefore, value X is 
the normalized contribution of adsorption oscillations 
to the low-frequency limit of permittivity [measure of 
the effect of adsorption oscillations on Ag(0)].* Value 
Z is the normalized critical frequency. 


2 Strictly speaking, the value of X thus introduced is also affected 
by the tangential transfer of the admixture counterions of type 1 
over the double layer; however, this contribution is usually small 
compared to that of adsorption oscillations. 


0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 R, 


Fig. 2. Dependence of the value of Z on the polarization cri- 
terion R, for the same set of parameters as in Fig. 1. 
D,/D=1. 


The effect of adsorption oscillations on Ag(0) 
depicted in Fig. 1 was shown [1] to depend on the value 
of the D,/D ratio and it vanishes at R, = R). 

At D, = D, the effect of adsorption oscillations on 
Ae(0) and @,, occurs due to one and the same summand 
in the initial system of equations written in [2]. This 
summand vanishes at R, = R. Hence, at R, = R, the 
effect of adsorption oscillations on @,, is negligible (all 
curves are intersected at one point Z = 1). 

Thus, as might be expected, at D, = D the value of 
X may be used not only as a measure of the effect of 
adsorption oscillations on Ag(0) but also for a prelimi- 
nary estimation of the degree of the effect of adsorption 
oscillations on @,,: negligible deviation of Z from unity 
corresponds to negligible value of X. A noticeable 
effect of adsorption oscillations on critical frequency is 
possible only at fairly large values of X. 

For D, # D, we expected a basically different effect 
of adsorption oscillations on critical frequency since, in 
this case, the additional summand enters the initial sys- 
tem of equations. This summand is fairly large at fre- 
quencies of @ > D/a’, where a is the particle radius. 
However, even for very different values of D, and D we 
failed to find a single set of parameters that would 
markedly affect the dependence of Mer|z, =p, On the 


normalized amplitude of adsorption oscillations Rr. 
Figures 3 and 4 demonstrate the typical situation: all of 
the Z(R,) curves are intersected in the point R, = R, cor- 
responding to X = 0. Slight deviation of the intersection 
point to the range of higher frequencies (Z > 1 at R, = R;, 
Fig. 3) at D, > D and to the range of lower frequencies 
(Z < 1 at R, = R,, Fig. 4) at D, < D is related to the 
appearance of a certain amount of more or less mobile 
ions in a solution. This phenomenon does not merit a 
special study. 

These results are indicative of unexpectedly close 
interrelation between the effect of adsorption oscilla- 
tions on the low-frequency limit of permittivity and 
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Fig. 3. Dependence of the value of Z on the polarization cri- 
terion R, for the same set of parameters as in Fig. 1. 
D,/D=S. 


their effect on @,,. This interrelation is exhibited by the 
fact that at negligible effect of oscillations on Ae(0) 
(it is expressed mathematically by the condition |X] < 1), 
the effect of adsorption oscillations on critical fre- 
quency is also negligible. Such a situation occurs even 
at D, > D when the ratio of diffusion coefficients favors 
the variation in critical frequency. Therefore, in the 
range of small X (this value is easily calculated by the 
formula reported in [1]) critical frequency, and conse- 
quently, the whole frequency dependence for the fre- 
quency range below critical value may be sought ignor- 
ing the adsorption oscillations (i.e., setting Ry = 0). 


THE DEPENDENCE OF CRITICAL FREQUENCY 
ON THE AMPLITUDE 
OF ADSORPTION OSCILLATIONS 


Based on analysis of the limited versatility of initial 
parameters, we concluded [2] that at D, = D the 
enhancement of adsorption oscillations (more pre- 
cisely, an increase in Ry at fixed values of R; and R2) 
leads to a monotonic decrease in critical frequency. 
In general, the adsorption oscillations may be enhanced 
by increasing parameter Ry (at the fixed values of R, 
and R,) or absolute value of difference |R, — R,| (at the 
fixed value of Ry) [1]. 

At first glance, Fig. 2 confirms the conclusion drawn 
in [2]: as parameter Rr increases (i.e., when going from 
curve J to curves 2, 3, and 4), the critical frequency 
decreases. However, we focused our attention on the 
fact that for curves J and 2 (Fig. 2) critical frequency 
rises with an increase in the |R, — R,| difference. This 
indicates that even at equal diffusion coefficients the 
enhancement of adsorption oscillations is capable of 
increasing (and not just decreasing) the critical fre- 
quency. This result made us study once again (and even 
more carefully) the dependence of the critical fre- 
quency on parameter Rr. 

It appeared that a monotonic decrease in critical fre- 
quency with an increase in Ry is typical only for rather 
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1.2 Ria? 


0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 Ry 


Fig. 4. Dependence of the value of Z on the polarization cri- 
terion R, for the same set of parameters as in Fig. 1. 
D,/D = 0.2. 


large values of Ry (Fig. 5). At moderate and small val- 
ues of these parameters the opposite situation is 
observed: an increase in frequency with increasing Rr. 
Therefore, the @,,(R,) dependences usually exhibit max- 
ima (Fig. 5). The only exception is the case of R, = R, 
when adsorption oscillations are negligible (curve 2). 


At unequal diffusion coefficients and R, = R, 
(Fig. 6, curve 2, and Fig. 7) parameter Rr also does not 
essentially affect the critical frequency, thus confirming 
once again the earlier conclusion on the close interrela- 
tion between the effect of adsorption oscillations on the 
suspension permittivity and their effect on @,,. At R; = Ro, 
an increase in D, leads to an increase in critical fre- 
quency as compared to the case of total absence of 
counterions of type 1 (value of Z > 1 corresponds to 
curve 2, Fig. 6); a decrease in D, results in a decrease 
in frequency as compared to the same limiting case 
(value of Z < 1 corresponds to curve 2, Fig. 7). The 
other curves plotted in Fig. 6 (D, > D) also lie above sim- 
ilar curves in Fig. 5 (D, = D), whereas curves in Fig. 7 lie 
below the latter curves. However, even for much slower 
counterions of type 1 an increase in critical frequency 
(as compared to that for binary electrolyte, curve 4 in 
Fig. 7 in the range of moderate values of Ry) is possible. 
For more mobile counterions of type 1 the critical fre- 
quency may be reduced in comparison to that for binary 
electrolyte (Fig. 6, curve / in the range of large values 
of Ry). 


THE DEPENDENCE OF CRITICAL FREQUENCY 
ON DIFFUSION COEFFICIENTS 
OF COUNTERIONS 


In three-ion electrolyte, the concentration polariza- 
tion is determined by two different effective diffusion 
coefficients, one of which may be (at a not too high 
value of the Cp, /Cp2 ratio) comparable with D, and sig- 
nificantly differs from D, = D, thus affecting critical 
frequency. Consequently, this effect may be conve- 
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Fig. 5. Dependence of the value of Z on the criterion of 
adsorption oscillations Rr for the following set of parame- 
ters; R; = (2) 0.01; (2) 0.1; (3) 1; (4 10; Ry = 0.1; 
Co1/Co2 = 0.1; D,/D =]. 
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Fig. 7. Dependence of the value of Z on the criterion of 
adsorption oscillations Rr for the same set of parameters as 
in Fig. 5. D)/D = 0.2. 


niently treated by studying the dependence of the criti- 
cal frequency on the D,/D ratio. 


Figures 5—7 show the cases of sharply different 
polarization parameters R, and R, that most clearly dem- 
onstrate corresponding features of critical frequency. 
However, both R,; < R, and R,; > R, cases should be 
considered fairly occasional since such a ratio of crite- 
ria is possible at a very intensive tangential transfer of 
counterions (and only of one type) over the Stern layer. 


To illustrate the effect of diffusion coefficient D,, we 
chose the less exotic case of 1/2 < R,/R, < 2. This dif- 
ference between polarization criteria is fairly small 
because at unequal diffusion coefficients even elec- 
troosmotic transfer of counterions over the diffusion 
part of the electrical double layer may provide such a 
distinction between R, and R,. 


In order to set off just the effect of oscillations from 
the combined effects of surface flux of the counterions 
of type 1 and adsorption oscillations, we first excluded 
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Fig. 6. Dependence of the value of Z on the criterion of 
adsorption oscillations Ry for the same set of parameters as 
in Fig. 5. D)/D=5. 
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Fig. 8. Dependence of the value of Z on the ratio of diffusion 
coefficients D,/D. R, = (1) 0.05; (2) 0.1; (3) 0.2; Ry = 0.1; 
Rr= 0; Coi/Con =0.1. 


them from consideration by assuming Rr; = 0 (Fig. 8). 
In this case, at R; = R, an increase in the ratio of diffu- 
sion coefficients leads to an increase in critical fre- 
quency due to higher mobility of some counterions 
(Fig. 8, curve 2); however, this effect is small. For the case 
of R, < R, this effect is even less pronounced (Fig. 8, 
curve /) because charge transfer over the double layer 
by the counterions of type 1 decreases, and the effect of 
these ions on critical frequency is thus reduced. Natu- 
rally, at R, > R, the role of counterions of type 1 and the 
effect of D, on critical frequency are increased (Fig. 8, 
curve 3). 


The combined effect of surface flux of ions of type 1 
and adsorption oscillations at moderate value of Rare 
demonstrated in Fig. 9. As shown earlier, in the case of 
R, = R, both the low-frequency limit of permittivity and 
critical frequency are independent of R;. Therefore, 
curves 2 in Figs. 8 and 9 virtually coincide. Curve / 
(R, < R,) in Fig. 9 differs from a similar curve in Fig. 8, 
thus indicating some effect of the adsorption oscilla- 
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Fig. 9. Dependence of the value of Z on the ratio of diffusion 
coefficients D,/D for the same set of parameters as in Fig. 8. 
Rr =2. 


tions. However, variation of critical frequency with an 
increase in diffusion coefficient D, is still small. 
Adsorption oscillations strongly affect the dependence 
of critical frequency on diffusion coefficient D, both 
for D, < D and D, > D only at R, > R, (Fig. 9, curve 3). 


The picture is changed at a large value of parameter 
Ry (Rr = 25, Fig. 10). For close values of polarization 
criteria (curve 2), critical frequency is virtually inde- 
pendent (as before) of the ratio of diffusion coeffi- 
cients; however, at R, # R, frequency substantially 
reduces to any value of D,. 


CONCLUSION 


The results of our numerical calculations (Figs. 1-10) 
and the conclusions drawn on their basis indicate that in 
anonbinary electrolyte both low-frequency limit Ae(0) 
and the characteristic frequency of dielectric dispersion 
(@,, was chosen as this parameter) depend on the 
adsorption oscillations of counterions. 


At a fairly large effect of adsorption oscillations on 
Ae(0) one may also expect a marked effect of this 
parameter on ,,. 


At the same time, a fairly large effect of adsorption 
oscillations on Ae(0) (fairly large values of X) is not 
always accompanied by a substantial variation of criti- 
cal frequency. This situation is demonstrated, for exam- 
ple, by curve 3, Fig. 5, in the range of Rr = 5. 

Both an increase or decrease in ®,, are possible in 
nonbinary electrolyte (as compared to binary electro- 
lyte), depending on the quantitative characteristics of 
the double layer of a particle. The role of mobility of 
admixture counterions (role of D,) is large albeit not 
decisive. Contrary to intuitive expectations that addi- 
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Fig. 10. Dependence of the value of Z on the ratio of diffu- 
sion coefficients D,/D for the same set of parameters as in 
Fig. 8. Rp = 25. 


tion of more mobile ions (D, > D, Cp, # 0) must 
increase ®,, (as compared to the case of binary electro- 
lyte, Cp, = 0), the effect of adsorption oscillations may 
result in a decrease in @, (Fig. 10). Nonetheless, in most 
cases at D, > D, ®,may either increase in comparison to 
binary electrolyte (Fig. 9, the right-hand part of curve 3) 
or slightly vary. Therefore, for aqueous solutions con- 
taining highly mobile admixture H* or OH™ ions it is 
highly probable that the experimental characteristic 
frequency will either be larger than that expected for 
binary electrolyte or slightly affected by the adsorption 
oscillations. 
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H3MEHEHHE XAPAKTEPHOM 4ACTOTBI M9. IEKTPHYECKOU 
JMCNEPCHM NO] BIIMAHHEM KOJEBAHHN AJICOPBHMK MOHOB 


© 1996 r. H.W. Kapxux*, HW. A. Pasunos** 
* Hucmumym 6uokoanoudnol xumuu HAH Yxpaunot 
252080, Yxpauna, Kues-80, ya. Ppynse, 85 
** Wncmumym KoaaoudxHol xumuu u xumuu B0dbt UM. A.B. ymaHcKozo HAH Yxpaunoi 
252660, Yxpauna, Kues-142, np. Bepradcxozo, 42 
Tlocrynuna 8 pegakymto 23.11.95 r. 


Koraa 8 AMCnepcHOHHO Cpepe MpHCyTCTBYIOT HECKOABKO COPTOB MPOTHBOKOHOB, Mpouecc KOHICHTpalln- 
OHHOM NOMAPH3alyWM ABOMHOTO CHOM CONPOBOXLAeTCA 3HAYMTEbHBIMH KONEOAHHAMH ancop6unu. ITH KO- 
ne6aHUA BAMAIOT He TONKO Ha BEIMYMHY HA3KOYACTOTHOPO Mpeflesa AMINEKTPHYECKON MPOHHIaeMoc- 
TH CYCHeH3HH, HO M Ha KpHTHYECKYIO YACTOTY AUCHEPCHH, KOTOpad MOXET KaK BO3PacTH, TaK H CHH3UTb- 
ca. B craTbe Ha OCHOBaHMM YHCIEHHBIX pacueTOB ONnpeseneHbI OOnacTH MapaMeTpoB, B KOTOPbIxX HMCeT 
MeCcTO TO HM HHOe MOBeAeHHeE KPUTHYECKOM YACTOTHI, BbIABIEHAa H NpOakaH3MpOBaHa HCOKMAAHHO TEC- 
Had CBA3b MEXKy H3MCHEHHEM HU3KOUACTOTHOLO Mpejeia W H3MCHEHHEM KPHTHYECKOM YaCTOTHI H CAeNa- 
HbI Mpe7BapHTEMHbIe BbIBO[bI OTHOCUTEIbHO HaHOosee BEpOATHOTO XapakTepa BIMAHHA Kome6aHunt aj- 
cop6mHH Ha 9KCNepHMeHTaIbHO ONpeseIACMY!O KPHTHYECKYIO 4YacTOTy. 


BIIMAHVE KOJIEBAHMM ATCOPBIMA 
HA JMCMEPCHI TM3SJIEKTPHYECKON 
MIPOHHLAEMOCTU 


B paGorax [1, 2] Bnepspie Gbin0 OOpalileHo BHH- 
MaHHe Ha 3HaYHTeIBHY!IO poub KoneOaHul agcop6- 
WMH pH KOKUeCHTpauMOHHOM NoNApHsalMW ABOHHO- 
TO COA KOJNOWHBIX YacTHY. ITH KoMeOaHHH Mpo- 
ABNAIOTCA, CCIM pacTBOp 3JICKTPOMMTa CORepXUT 
Tp HM Goee COPTOB HOHOB, YTO BECbMa XapaKTep- 
HO [Id peabHbIx cuTyauH. B [1] 6bluia Nomyyena 
mpocrad aHamuTueckad topMyla Wid HA3KOUAC- 
TOTHOTO Ipefena BKNaya WucnepcHou cha3bi Ae(0) B 
WMOIeKTpH4eCcKy!O IIPOHMIJaeMOCTh CyCIeH3HH HU 
IIPOAEMOHCTpHpOBaHa BO3MOXKHOCTh 3HaYHTEIbHO- 
ro yBeruuenna Ae(0) 10g BIMAHHeM B3aMMHOIFO yCH- 
jleHua KONeGaHuH agcop6uHH OOBIGHbIX H MpuMec- 
HbIX MpOTHBOMOHOB. YBeNMYeHHe MpOHCxO_AT 
BILMOTb JO MAKCHMaJIbHO BO3MOXHOLPO [JIA OHHAPHO- 


9 2 
ro pacrBopa 3HayeHHaA AE,,,, = T6 pe(Ka)* 4 Waxe oO 


6ouee BLICOKHX 3HadeHH. Cnoco6HocTs kone6anni 
aycop6imu OG6ecneunTb HepaBeHcTBO Ag(0) > A€nax 


Xapaktep BIMAHHA KONeOaHHH aqcopOuHH B 3aBHCHMOCTH 
OT MapaMeTpos CHCTeMBI Io pesybTaTa [1, 2] 


Bausanue mpene- | Bo3MOxXKHO BJIMAHHE TOJIBKO 
6pexKHMO Mano |Ha KpATMYECKy!O YaCTOTY 


Ecrb BI WAHHe Hi Ha HH3KOUaCTOTHBIN mpepen, 
W Ha KpHTHUeCKy10 WaCTOTY 


MO3BONMNA KayeCTBEHHO OOLACHATh HEKOTOPbIe 
9KCNepHMeHTAasIbHble aHHbIe [3-5]. 


Kone6anua aycopOuMH BIMAIOT He TONbKO Ha 
HH3KOUACTOTHBIM Npepent. Kak noka3aHo B [2], BO3- 
MOXKHO HX CyHIeCTBeHHOe BIHAHHe HM Ha YaCTOTHY!O 
3aBucumMocTb A¢e(@). OHO MOXKeT MpOABHTbCA II0- 
pa3sHomy. [lokaxem 9TO 4A Cly4ad TpexHOHHOrO 
3NeKTpOMTA, COMepxKaljero [Ba COpTa NPOTHBOHO- 
HOB PpaBHOH BaJIeHTHOCTH (OHH 13 KOTOPbIX MOXET 
6bITb IIPHMeCHBIM) H/OAMH COpT KoHOHOB. O603Ha- 
4HM TaplaibHble MOMApH3alMOHHbIe KpuTepHu 
[IA NpOTHBOMOHOB copTos | u 2 yepes R, H Rp, a KO- 
acpcpuunenTetl pucdy3un yepes D, u D,, Tora MOx- 
HO BbIJ|ENHTb TPH CLy4aA, JIA KOTOPbIX XapaKTepHbI 
pa3IMyHble MposBeHua KONeOaHM apcopOuHH 
(ra6nmua). 


Tlonyuenxoe B [1] mpocroe aHamMTHU4ecKOE BbI- 
paxkeHHe OfHO3HAYHO pelM0 BOMpoc O xapakTepe 
BIIMAHHA KONeGaHHM agcop6unH Ha Ac(0). B To xe 
BpeMA XapaKTep BIMAHHA 9TUX KONeCOaHHH Ha 4ac- 
TOTHY1O 3aBHCHMOCTE A€(W) B 3HAYHTEMbHO cTeme- 
HH OCTaBasica HEH3YYeCHHBIM. JTOMy BONpocy Obliae 
nocBalljeHa pa6oTa [2], re Obim0 ACcHe_OBaHO BI- 
anue KoNeOaHH aycopO6unu Ha KPHTM4ecKy!o 4ac- 
TOTY ,,. MocneqHAd ONpeferartach 43 yCHOBHA 


Ae(«,,) = 3A€(0), (1) 


Ha ocHoBe YHCICHHOTO peliecHHA COOTBETCTBY10- 
IMX ypaBHeHult Opin MocrpoeHbI KpuBbIe Ae(®) 


: Onpenenenne semuun R,, Rou Ry w PopMyNbI IA WX BEIMHC- 
JIeHHA WaHb! B [1, 2]. : 
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Puc. 1, 3aBHcuMocTb BeMUHHbI X OT NONAPH3al|HOHHO- 
ro kputepua R, a4 cnepyroujero HaG6opa NapaMeTpos: 
Ry = 0.1; Co1/Co2 = 0.1; 1 -Rr= 0.5; 2-Rr= 2; 3-Rr= 8; 
4—Ryr = 32. 


Wa paya HaGOpoB MapameTpos R,, R, u Ry, rye Rp — 
KpHTepui, xapaKTepH3yloujHi polb KoeOaHHi aj- 
cop6uun. Bai cheaH BbIBO], YTO AIA pacCMOTpeH- 
HOTO MHOroo6pa3HA NapaMeTpoB BO3pacTaHHe pou 
Kone6aHHH afcopOuHH NpHBOAMT K HeKOTOpOMy 
CHYOKEHHIO KPHTHYECKOM WAacTOTHI. 


B faHHOu CTaTbe MbI NpOWOIOKEM W3y4eHHe BIIH- 
AHMA KONeOaHH afcopOuHH Ha YaCTOTHY!0 3aBHCH- 
MOCTb J{H3NeCKTPHYeCKOH NPOHHaeMOCTH, MOJIb3y- 
Cb METOAMKOU, CHcTeMOH ypaBHeHHW HM Nporpam- 
MOM UHCNeHHbIX pacyeToB pa6oTp! [2]. Tlosromy 
Benex 3a [1, 2] MbI orpaHwuMMca ciydaem, korya D, 
paBeH koacbcpunnenty pucbdy3uu KonoHOB D, a Bce 
HOHbI OJHOBANeEHTHEI. [IpopeyeHve pacueTos B LIH- 
POKOM ]{Malia30He BO3MOXHbIX 3HaYeHHH OTHOIIIEe- 
Hua D,/D wu napameTpos R,, R, u Rp NO3BONHIO HaM 
cfemaTb HeKOTOpbie OOUHe BbIBOAbI O XapakTepe 
BJIMAHHA KONeOaHHH afcop6unH Ha KpHTHUeCKyIO 
YacTOTY, CyYMIeCTBEHHO JONONHAIOMIMEe pe3yIbTAaTbl 
WM BbIBObI cTaTbH [2]. 


BJIMAHHE KOJIEBAHMM AJICOPBUOMU 
HA Ag(0) KAK MEPA BO3MOXHOTO 
BJIMAHMA UX HA KPHTHMYECKY!0 
YACTOTY 


IIpexye Bcero cnexyeT HaliTu cnoco6 H3MepeHHA 
WM CONOcCTaBIeHHA BIMAHHA KONeOaHHH aycopoOunH 
Ha Ae(0) 4 Ha W,,. [at STOO MBI BBEJIH Chefyronjue 
BeJIHUMHBI 


Ag(0) 
e ee 2 
Ae(O)|c, =o 2) 
@ 
Z= — 5 (3) 
Berle, =0 


rye Co, u Cy) — RapuanbHble paBHOBeCHbIe KOHIICH- 
TPaHH NPOTHBOHMOHOB copTos | u 2, COOTBeETCTBEH- 
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Puc. 2. 3aBHcHMOCT» BeMUHHbI Z OT NOMAPH3al|HOHHOrO 
kputepus Rj 194 Toro xe HaGopa MapaMeTpos, 4TO H Ha 
puc. 1; D)/D=1. 


Ho. Cny4aro Cp, = 0 (6HHapHbIM 2NeKTPONHT) COOT- 
BeETCTBYIOT peHe6pexuMO Masibie KkKoNeOaHHA 
aycop6unu. Ilostomy BemwunHa X ecTb HOpMHpo- 
BaHHbIii BKJIay KoNeOaHHh ajicop6uan2 B HH3KOUAaC- 
TOTHBIM Npeye HIIeKTpHyeckOH NMpOHHWaeMocTE 
(Mepa BIIMaHHA KoNeOaHHH afcopO6uuu Ha Ag(0)). 
Benuunna Z aABIAeTCA HOPMMPOBaHHOH KPATHUEC- 
KOK 4acTOTOH. 


Bnuanne koneOaHui aycop6umn Ha Ae(0) 1306- 
paxKeHO Ha pic. 1 H, Kak OpI0 NOKa3aHo B [1], He 3a- 
BUCHT OT BeNMYHHEI OTHOMeHUA D,/D u o6pamyaetca 
B HONb pH R, = Rp. 

Tipu D, = D snusanne KoneOanni aqcop6uHH Ha 
Ae(0) 4 Ha @,, MpoucxoquT OnarofapaA OHOMY HU TO- 
My Ke cylaraeMOMy B HCXOJHOM CHCTeMe ypaBHeHHh, 


’ BbINMMCaHHOH B [2], KoTOpoe OOpalijaeTca B HONb IPH 


R, = Ry. Mostomy ana R, = R, tpene6pexumo Majo 
BauAHHe KONeGaHHH aycopOuMH Ha W,, (BCe KPHBbIe 
puc. 2 nepeceKatoTca B OfHOW ToUKe Z = 1). 


Takum 06pa30M, Kak H CleqOBaIO OXUTaTb, Ip 
D, = D Benmunny X MOXHO HCNONb30BaTh HE TONbKO 
KaK Mepy BIMAHHA KONeOaHHH aycop6umn Ha Ac(0), 
HO H (JIA MpeyBapwTeNbHOK OWeHKH CTeneHH BAA- 
HHA KONeOaHHH agcopOuHH Ha W,,: IpeHeOpexHMO 
MaJIbIM X COOTBETCTByeT IpeHeOpexXHMO MalIoe OT- 
KnoHeHHe Z OT €{HHMIbI HW TONLKO MpH HeMasIbIx X 
BO3MOXKHO 3aMeTHOe BIHAHHe KONeOaHMH aycop6- 
UHM Ha KPHTHUECKYIO YacTOTy. 

na D, # D Mb! Oa YBHAeTh NPHHYMMHAalIb- 
HO HHY!O KapTHHy BuIMAHHA KONeGaHHH aycopoOunA 
Ha KPHTW4YeCKy!tO 4acTOTY, TaK KaK B 9TOM Cy—ly4ae B 
HCXOQHYIO CHCTeMy ypaBHeHHH BXOJHT JONOJIHH- 
TeMbHOe ClaraeMoe, KOTOpoe He MaIO Ha YacTOTAaX 
@ > D/a*, rye a — paguyc uacTuubl. OfHako axe Aa 


2 Crporo rogops, Ha BBeeHHy!0 TakuM OGpa3om Benuunny X 
BIMMeT TaKXKe TaHreHUHaNbHbI MepeHoc MpHMecHbIX NpoTH- 
BOHOHOB copta | 10 ABOHHOMY CHO10, HO 9TOT BKIa, OGBIMHO 
MaJl IO CpaBHeHHIO C BKJIajOM OT KoneGaHHi aycop6uHH. 


3* 
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Puce. 3. 3aBHCHMOCTb BeJIMYAHbI Z OT NOMAPH3aWHOHHOTO 
Kputepua R, ya Toro Ke HaGopa NapaMeTpoB, 4TO H Ha 


puc. 1; D|/D=5. 


OUCH CHIbHO OTIIM4AIOWIUXCA [pyr OT Apyra 3Ha4e- 
Huit D, uw D nam He yqanocb HaliTH HM OfHOrO Habopa 


NapaMeTpop, IpH KOTOPOM ®,,|2 . z, 34MeTHO 3aBH- 


cena 6bI OT HOPMHpOBaHHOM aMIIMTyAbI KoNeOaHHi 
aycop6unu Ry. Puc. 3 u puc. 4 ReMOHCTpHpyioT TH- 
nMuHy!o CATyalmto: Bce KpHBbie Z(R,) mepeceKaror- 
ca B TOUKe R, = R,, KOTOpo coorsetctByeT X = 0. 
He6osbiioe cMelleHve TOUKH NepeceyeHuA B OOaCcTb 
6ouee BbICOKHX YacToT (Z > 1 mpu R, = R2, puc. 3) np 
D, > Dw o6nacTb Gonee Ha3KHX YacToOT (Z < 1 mpH 
R, = R,, puc. 4) npu D, < D cBa3aHo c NoABIeHHEM B 
pacTBope HekoToporo KoNHMYeCTBa Gomee NOABHXK- 
HbIX HJIM MeHEe NOABMOKHBIX HOHOB H He 3aCily2KHBa- 
eT OT{ebHOrO paccMOTpeHHA. 


OTH pe3yIbTAaTb! CBUJETELCTBYIOT O HEOXKHIAH- 
HO TeCHOH B3aHMOCBA3H Mexfly BIMAHHEM KosIe6a- 
HHA aqcopOuue Ha HH3KOUACTOTHBIA Mpepen Wuse- 
KTpH4eCKOM NPOHHaeMOCTH HM HX BUIMAHHEM Ha ,,. 
3Ta B3aMMOCBA3b NPOABJACTCA B TOM, UTO IIpH Mpe- 
HeOpexXHMO MaJIOM BIMAHHH KoNeGanHi Ha Ae(0) 
(MaTeMaTH4UECKH 9TO BbIpaxkaeTca ycuoBHeM |X| < 1) 
lmpeHe6pexkuMO Maio Ht BIMAHHe KONeGaHui agcopO- 
UHM Ha KpaTHyeckyro YacToTy. Takasd CHTyalyaa HMe- 
eT MecTO qaxe npu D, > D, Kora COOTHOMMEeHHE KO- 
adduynentos yuddy3uu OnarompHATcTByeT A3Me- 
HeHHIO KpH#TuYecKou yacToTb!. Tlostomy B OOmacTH 
MasIbIx X (2Ta BEIM4HHA JerKO paccuHTbiBaeTca 10 
cbopmysie, HpaBefeHHon B [1]) kpuTHueckyto 4acTO- 
TY, a CieOBaTeIbHO, H BCIO YaCTOTHy!O 3aBHCH- 
MOCTb id OOMACTH UACTOT HK KPATHYECKOH MOX- 
HO HCKaTb, npeHeOperaa KoneGaHHAMH apcopOuHH 
(TO eCTb HOTOXKHB Ry = 0). 


3ABHCHMOCTb KPHTHMYECKON 
YACTOTbI OT AMITIMTYAbI KOJIEBAHHH 
ATCOPBU MUN 


Ha ocnosaHHM aHaiu3a OrTpaHHueHHOrTO MHOTO- 
o6pa3Ha HCXOMHBIX NapaMeTpoB B (2] MBI cyenanu 


X2KAPKMX, PA3SHIJIOB 
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Puc. 4. 3aBHCHMOCTS BeJIM4HHbI Z OT MOMAPH3alHOHHOTO 
Kputepua R, W148 Toro Ke HaGopa NapaMeTpoR, 4TO H Ha 
puc. 1; D,/D = 0.2. 


BbIBOA O TOM, YTO pu D, = D ycunenne koneOaHHii 
acop6umu (TouHee, ysenuuenve Ry np suKcupo- 
BaHHbIX R, 4 R.) WpHBOAMT K MOHOTOHHOMY CHHXKe- 
HHIO KpATHYeCKO YacTOTHI. B o6ujem cay4ae ycH- 
jleHHa Kone6aHHH aycop6uHH MOXKHO WOOUTECA, yBe- 
ymunBad napaMetp Rr npu cbukcupoBaHHbIx R, u Rp, 
WIM yBeIMYMBad aGCOMIOTHYIO BeENMYHHY pa3HOCTH 
|R, — R,| mpu cbuxcuposanHo R; [1]. 


Ha nepsblit B3riay, puc. 2 NOATBeEpxKAaeT CpeNaH- 
HIM B [2] BbIBOW: NO Mepe pocTa nNapametTpa Ry (To 
ecTb Mpa Nepexoje oT KpHBot ] K KpuBbIM 2, 3, 4) 
KpHTwyecKand YacToTa cHHKaeTCaA. OqHaKo MbI 06- 
paTHIM BHUMaHHE Ha TO, YTO [Id KpuBbIX / uw 2 BTOFO 
pucyHKa HaOsloqaeTcA pOcT KpHTHYeCKOM YacTOTbI 
110 Mepe pocta pa3Hoctu |R, — R,|. JTo cBayeTemEctT- 
BYeT O TOM, 4TO axe pH pasHbIX KosdpauweATaXx 
qucdy3uu yculenHe KoneGaHnit agcopOumH Bce. Ke 
CIOcOOHO yBeJIHYHTb (a He TONbKO YMEHbIDHTb) KpH- 
Tuyeckylo YacToTy. Tako pe3yibTaT no6yqum Hac 
BHOBB, H IIPHTOM Govlee THaTEIbHO, HCCHEOBAaTh 3a- 
BUCHMOCTb KPUTHYeECKOM YacTOTHI OT NapaMeTpa Rr. 


Oxa3al0cb, YTO MOHOTOHHOe CHWKeEHHE KpHTH- 
yecKOH 4aCTOTBI 10 Mepe pocta R; xapakTepHo 
JIMMb WIA OONacTH WOCTaTOYHO BbICOKHX Ry (puc. 5). 
TIpu Manpix 4 yMepeHHbIX 3Ha4eHHAX 9TOFO MapaMe- 
Tpa HaOmroqaeTcaA MpOTMBONONOKHAaA KapTHHa — 
yBeM4eHHe YacTOTLI M0 Mepe pocta Ry. [lostomy 
KpHBble 3aBHCHMOCTH @,,(Rr) OObIMHO HMCIOT MaK- 
cumyM (puc. 5). EqMHcTBeHHoe HCKIIOUeHHE — Clly- 
yal R, = R,, Kora koneGanna agcopounu mpene6pe- 
XKHMO MalJIbI (KpHBasi 2). 


Tipu HepaBHbIx Koasddunventrax _uddy3Hu w- 
R, = R, (kpupas 2 na pac. 6 u puc. 7) napametp Rr 
Takxe IpakTH4eCkH He BIMAACT Ha KPHTHYCCKY!O 4a- 
CTOTY, ITO JHUIHHH pa3 NOATBepxaeT chetaHHbI 
paHee BBIBO]| O TeCHOM CBA3H MeXy BIHAHHEM KO- 


- ne6aHH aycopOuuH Ha (HoJIeKTpHuecKylO NpOHH- 


WaeMOCTE CyCHeH3HH HW HX BIMAHHEM Ha ,,. [loBbI- 
menue D, npuBogutT npu R, = R, K NOBbILIeHHIO 
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1 2 3 4 5 6 7 8 


9 Rr 


Puc. 5. SapucuMocTb BenHunHb! Z OT KpuTepua Kone6a- 
Hu agcop6unu Ry Aa cnegyroujero HaGopa NapamerT- 
pos: D,/D = 1; Ry =0.1; Co,/Co2 = 0.1; J — R, = 0.01; 2 - 
R, =0.1;3-R, =1;4-R, = 10. 


KPHTW4eCKOM YaCTOTbI MO CpaBHeHHIO CO CilydaeM 
HOMHOFO OTCYTCTBHA MpOTHBOHOHOB copta | (kpH- 
Bou 2 puc. 6 cooTBeTcTByeT Z > 1); cHuxeHue D, 
IIpPHBOAUT K CHWXKEHHIO YaCTOTbI MO CpaBHEHHIO C 
TeM Ke IIpey[eIbHbIM Clyyaem (KpHBas 2 puc. 7 COoT- 
petcTByeT Z < 1). [Ipouve kpuspie puc. 6 (D, > D) 
Tak2xKe IIPOXO)AT BbIMe aHANOPHYHBIX KPHBBIX Puc. 5 
(D, = D), a Kpuspie puc. 7 (D, < D) — Huxe nocnegz- 
Hux. Ho qaxe WA CyLIeCTBeHHO MeHee MOJBHXKHBIX 
IIPOTHBOHOHOB copTa 1 BO3MOXKHO yBeHYeHHe 
KPHTMYeECKOH YaCTOThI MO CpaBHeHHIO C TaKOBOH 
[ist GMHapHOro seKTpomuTa (KpuHBad 4 Ha PUC. 7 B 
o6lacTu yMepeHHBbIx R,), a WA Goee NOABHXKHDIX 
IIPOTHBOHOHOB copTa 1 BO3MOXXHO CHW>KeHHe KpH- 
THYECKOM FacTOTbI NO CpaBHEHHHO C TAKOBOH [1A On- 
HapHOro 91eKTpomuTa (KpHBas | Ha puc. 6 B OOMacTH 
BbICOKHX R,). 


3ABMCMMOCTb KPATHYECKON 
YACTOTBI OT KOS®®MIMEHTOB 
IM®oy3HN NPOTHBOMVOHOB 


B TpeXHOHHOM 9JI€KTpOIMTe KOHUCHTpalMOHHaa 
NOMApH3alvA ONpeyerwseTcCA ABYMA pa3/IM4HbIMH 
acpdbeKTHBHBIMA = KOoddpnuHeHTaMH §=Aucpcpy3uH, 
OHH 43 KOTOPbIX MOXeT ObITb (pH He CAHUIKOM 
BbICOKOH BesIMYHHe OTHOWMeHHA Cy;/Co2) CPaBHHM C 
D, 4cunbuo oTmuyateca oT D, = D. STO cKakeTca Ha 
KpuTu4eckow uacToTe. CooTBeTCTBeHHO 3¢pipeKkT 
yHOGHO pacCMaTpHBaTb, H3y4HB 3aBUCHMOCTb KpH- 
THYECKOM UaCcTOTHI OT OTHOMeHHA D,/D. 


Ha puc. 5-7 Opimn w306paxeHbI ClydaH pe3ko 
pa3nW4arolMXxca NOMApH3alj[HOHHBIX NapaMeTpos R, 
u R,, Koropble HavGosee APKO EMOHCTPHpyIoT Co- 
OTBETCTByFOIHe OCOGeHHOCTH NloBeseHHA KpHTHUe- 
cKO ¥YacTOTHI. OqHako Kak cyry4alt R, < R2, Tak 
cnyual R, > R, cneqyeT CuHTaTb CpaBHATeJIBHO peg- 
KHMH, MOCKOAbKy TaKOe COOTHOIMIe€HHe KpHTepHeB 
BO3MOKHO JIMIIb Np OYCHb CHJIBHOM TaHreHiHasb- 
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Puc. 6. 3aBHcuMOCTb BeM4MH! Z OT KpuTepua Kove6a- 
HH agcop6unu Ry Wa Toro Ke HaOopa NapaMeTpos, ITO 
H Ha puc. 5; D|/D=5. 


Se YN WwW HAAN 


Oo 


1 2 3 4 5 6 7 8 ORf 


Puc. 7. 3aBvcHMOcCTb BeENMUHHbI Z OT KpHTepHA KoNe6a- 
HHH agcop6unu Ry Wa Toro Ke HaOopa NapaMeTpoB, FTO 
v Ha puc. 5; D,/D = 0.2. 


HOM TlepeHoce mo cro IlrepHa NpoTHBOHOHOB, 
IIPHYEM TONbKO [JIA OHOLO H3 COPTOB. 


]Ina usmocrpauau BIMAHHA KOSddpuMeHTA 
nuddpy3un D, MbI BEIGpanmu MeHee SK3OTHUCCKHH 
cnyyait 1/2 < R,/R, < 2. To cpaBHUTeNbHO HeGONb- 
moe pa3im4uHe NOAPH3al|MOHHbIX KpuTepHesB, TaK 
Kak IIpH HEOAMHAaKOBbIX KoocspuuneHTax AuPpy3Hu 
yjaxke 3IeKTpOOCMOTHUeCKHM MepeHOC MpOTHBOHO- 
HOB No pucpdy3Ho OGKnapKe [IIDC cnoco6bex oGec- 
IleuWTb Takoe oTIHUHe R,oT R). 


YUro6ni Ha OOnjem cboHe COBMECTHOrO BAMAHHA 
MIOBEPXHOCTHOFO NOTOKa MpOTHBOHOHOB copTa | Hu 
Kome6aHHH afcopOuHH BbIJeCIHTb BIBAHHE HMCHHO 
Kone6aHHi, MbI CllepBa “BbIKIIOUHIM” HX, NONOXKEB 
Rr =0 (puc. 8). B Takom cuyyae mpu R, = R, pocr oT- 
HOMIeHHA KOsc*pcpuMeHTOB WuUdpy3Hu BepeT K pocry 
KPHTWYeCKOM YaCTOTbI 3a CYeT BCe OoNee BbICOKOM 
NOJBHXKHOCTH YaCTH MpOTHBOHOHOB (KpHBai 2 Ha 
puc. 8), Ho cam 9TOT ocpsexT HepenuK. [1a chyyasa 
R, < R, acpcpextT 3aMeTeH ene MeHbille (kpuBasa ] HA 
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Z 
2.0 
15 3 
2 
10 
1 
O.SF” 3 
0 
0.10 0.25 0.63. ~+1.58 3.98 D,/D 
0.16 0.40 1.00 2.51 631 


Puc. 8. 3aBvcHMocTb BeMUHHbI Z OT OTHOLMEHHA KOodppu- 
uMenTos pucdpy3un D,/D. Ry = 0.1; Rp = 0; Coy/Co2 = 0.1; 
1-R, = 0.05; 2—R, = 0.1; 3-R, = 0.2. 


puc. 8), Tak KaK CHWKaeTCA NepeHOC NPpOTHBOWOHA- 
MH copta | 3apaqja NO ABOMHOMY CJIOIO, a CheqOBa- 
TeJIbHO, YMCHbIMaeTCA BIIMAHHe 9TUX HOHOB Ha KpH- 
Twueckyto uactory. EcrecrseHHo, To mp R, > R, 
POJIb IPOTMBOHMOHOB copta | BO3pacTaeT H BIIMAHHE 
D, Ha KpHTH4ecKyto YacTOTy yBeuMUMBAeTCA (KPH- 
Bax 3 Ha pu. 8). 


CopMecTHoe BJIMAHHe MOBEpXHOCTHOrO NOTOKa 
woHOB copta | w KoneGaHHi aycopOunH Ipu yMepeH- 
HOM 3Ha¥eHuH R; WpocsexKeHo Ha puc. 9. Kak yxe 
6bINO NOKa3aHO paHee, AA cryyaa R, = R, Kak HH3- 
KOYACTOTHBIM pepe NPOHHIaeMOCTH, TaK H KPUTH- 
yecKasd YacToTa He 3aBucaT OT R;. Tloxtomy KpHBbIe 2 
Ha puc. 8 u puc. 9 mpakTHYecKH CoBmayaroT. Kpupas / 
(R, < R,) puc. 9 ormmuaeTca OT aHaNOrHyHOw KpHBOK 
puc. 8, ITO CBHJeTeEILCTByeT O HEKOTOPOM BJIHAHBH 
KoneG6aHuii afcop6uuH. OnHako M3MeHeHHe KpHTHye- 
CKOM WaCTOTBI C pocToM KosdduuMenta AuddPy3HH 
D, no-npexuemy HeBerHKO. M TombKo WA cnydaa 
R, > R, (Kpusas 3 Ha puc. 9) kone6aHua ancop6umu cy- 
IN|€CTBEHHbIM O6pa30M YCHJIMBalOT 3aBHCHMOCTB 


Z 

3.0 

2.5 3 

2.0 

1.5 
2 

1.0 ; 

0.5 

0.10 0.25 0.63 1.58 3.98 D,/D 

0.16 0.40 1.00 2.51 6.31 


Puc. 9. 3aBvCHMOcTb BENMUMHbI Z OT OTHOMIEHHA KOSCp- 
cbunventos Aucdby3un D,/D 1a Toro xe Habopa Mapa- 
MeTpos, UTO H Ha pue. 8; Rr = 2. 


XKAPKUX, PASHJIOB 


KPHTHYECKOM YacTOTHI OT KOI*dulMeHTa Wuddy- 
3uu D, Kak gia cnyyaa D, < D, Tak u yuna D, > Dz. 


IIpu BbicoKom 3HaveHHM Mapametpa Ry (Rr = 25, 
puc. 10) kapTuHa Mensertca. [iia 6143Kux 3HadeHHh 
NOMAPH3al|HOHHBIX KpuTepHeB (KpHBasd 2) KPHTHYE- 
cKad “YacTOTa M0-lpexXHeMy NpaKTH4eCKH He 3aBH- 
CUT OT OTHOMIEHHA KOSCPuLHeHTOB Auddy3HH, HO 
upu R, # R, uacrotra cyllecTBeHHO CHWKaeTCA WIA 
mro6bIx 3HayeHHH D,. 


BBIBOTIbI 


TIpwpeyeHHbie BbIWIe pe3yIbTaTbl UMCIeCHHBIX 
pacyeTos (puc. 1-10) u nony4eHHbIe Ha HX OCHOBE 
BbIBOMbI CBHCTEILCTBYIOT O TOM, 4YTO HE TOJIbKO 
HH3KOUAaCTOTHBIM Mpefen Ae(0), HO M XapakTepHas 
yacToTa JM9JIeKTpHyueckou AuCHepcuH (B KayecTBe 
nociefqHe MbI BbIGpasH W,,) B HEOMHAPHOM 3JICKT- 
poOuMTe 3aBHCAT OT KoNeOaHMH afcopOuHH MpoTH- 
BOHOHOB. 


Tipu HeMayioM BIHaHMH KoeOaHHi ajcop6umH Ha 
Ac(0) MoxKHO O2KHaTb H 3AMeTHOLPO HX BIIMAHHA Ha W,,. 


B To Ke BpeMaA HeMasoe BIMAHHe KONeOaHHH ajl- 
cop6uuu Ha Ag(0) (Hemanbie X) He Bceryja COMpOBOX- 
WaeTca 3HAYHTeIbHbIM H3MeHeEHHeM KpHTHUeCKOK 
yacTOTbI. Taky!¥O CHTyaljHi0 JIEMOHCTpupyeT, HalipH- 
Mep, Kpusas 3 puc. 5 B o6nacTu Rr = 5 


B 3aBHCHMOCTH OT KOJMUCCTBCHHBIX XapakTepH- 
CTHK JJBOMHOTO COA YACTHIIbI BO3MOXHO Kak yBeNH- 
yeHHe, TaK A CHWDKeHHe @,, B HECOHHAPHOM 3JIEKTpO- 
JIMTe 110 CpaBHeEHHIO C W,, B IIEKTpoMMTe OHHAPHOM. 
Ponb NO{BAXKHOCTH MPHMeCHbIX NPOTHBOHOHOB 
(pomp D,)mpu 3TOM BeIMKa, HO OTHIO{b He ABIACTCA 
onpefensromjer. IIpoTus HHTYHTHBHOTO OMAHA, 
YTO WO6aBNeHHe Gomee NOABHXKHbIX HOHOB (D, > D, 
Co, # 0) HOMKHO YBENHYMTL W,, (10 CpaBHeHHIO CO 
culy4aeM 6HHapHOro aleKTponaT, Co, = 0), BIIMAHHEe KO- 
yleG6aHHli ayjcop6uMM CiOCcOOHO NOHH3HTE ,, (puc. 10). 
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Puc. 10. 3aBHcuMocTs BenHUMHEI Z OT OTHOWIEHHA KO3Cp- 
cbunuentos gucdpy3un D,/D ana Toro xe Ha6opa Napa- 
MeTpoB, 4TO H Ha pie. 8; Rr = 25. 
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MU3MEHEHWE XAPAKTEPHOM YACTOTbI MS3IEKTPHYECKOM DJMCNEPCHM 471 


Tem He MeHee, B GONbIIMHCTBE CrydaeB AA D,; > D 
Ha6srofaeTca 1H60 yBeIMyeHHe W,, 1O CpaBHEHHIO C 
OHHapPHbIM 3JIeKTpOMMTOM (mpaBad YacTb KpuBOH 3 
Ha puc. 9), 1H60 W,, H3MeHAeTCA He3HadHTeIbHO. 
Iloagtomy id BOAHbIX pacTBOpPOB, COjjepxKalllMXx BbI- 
COKONO{BYXKHbIe IpHMecHbie HOHbI H* wu OH’, Han- 
6onee BepoATHO 1H60 MpeBbIlIeHHe 9KCIepHMeH- 
TaJIbHO ONpeyewHeMOH XapaKTepHOM YACTOTbI Hay 
oxKu[aeMOl AIA GHHAapHOrO aeKTpoIHTA, 1H60 cia- 
60e BIMAHHe KONeOaHHH afcopOunH Ha 0,,. 


ABTOpBI BbIpaxKaroT OnarofapHOCT. MexypyHa- 
poyHow accouMalywn CcoyleHcTBHA COTpyMHMYeECTBY C 
Y4eHBIMH GbiBiero CopetcKoro Coro3a (rpant INTAS 
93-5372) u MexpyHapoyqHoMy HayyHoMy doupy 


KOJJIOMQHBIM XYPHAJI Tom 58 Ne4 = 1996 


(rpant UAF200) 3a cbuHaHcosyto NopyepxkKy MpH BbI- 
NOJHEHHE JaHHOro HcceqOBaHHA. 
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